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Effect of a Physiotherapist-Guided Home-Based Exercise Intervention
on Physical Capacity and Patient-Reported Outcomes Among Patients
With Acute Pulmonary Embolism
A Randomized Clinical Trial
Nanna Rolving, PhD; Barbara C. Brocki, PhD; Jannie R. Bloch-Nielsen, PT; Torben B. Larsen, PhD; Frank L. Jensen, MHSc; Hanne R. Mikkelsen, Nrs;
Pernille Ravn, PT; Lars Frost, DMSc
Abstract
IMPORTANCE Survivors of acute pulmonary embolism (PE) experience long-term negative physical
and mental consequences, but the effects of rehabilitation on outcomes among these patients have
not been investigated.
OBJECTIVE To investigate the effect of a rehabilitation intervention, comprising an 8-week home-
based exercise program and nurse consultations, on physical capacity and patient-reported
outcomes among patients with acute PE.
DESIGN, SETTING, AND PARTICIPANTS This multicenter randomized clinical superiority trial was
conducted at 4 regional hospitals and 1 university hospital in Denmark. The 140 consecutively
included participants had been diagnosed with an acute PE between April 2016 and February 2018
and had 6 months of follow-up. An intention-to-treat analysis was conducted.
INTERVENTION Patients in the control group received a brief nurse consultation, while patients in
the exercise group participated in an 8-week home-based exercise program in addition to receiving
nurse consultations.
MAIN OUTCOMES AND MEASURES The primary outcome was the Incremental Shuttle Walk Test,
and secondary outcomes were the Pulmonary Embolism Quality of Life and the EuroQol–5
Dimensions–3 Levels questionnaires, self-reported number of sick-leave days, and self-reported use
of psychotropic drugs.
RESULTS A total of 140 patients (90 [64.3%] men) were included, with a mean (SD) age of 61 (11)
years. Of 70 participants (50.0%) randomized to each group, 69 participants (49.3%) received the
intervention and 68 (48.6%) received the control intervention. Both groups achieved improvements
in all outcomes (eg, mean [SD] improvement on Incremental Shuttle Walk Test: control group, 78
(127) m; intervention group, 104 [106] m; median [interquartile range] improvement on Pulmonary
Embolism Quality of Life: control group, −17 [−22 to −11] points; intervention group, −20 [−24 to −15]
points). Between-group differences were nonsignificant. The mean differences between the
intervention group and the control group were 25 m (95% CI, −20 to 70 m; P = .27) on the
Incremental Shuttle Walk Test, 3.0 points (95% CI, −3.7 to 9.9 points; P = .39) on the Pulmonary
Embolism Quality of Life questionnaire, and 0.017 point (95% CI, −0.032 to 0.065 point; P = .50) on
the EuroQol–5 Dimensions–3 Levels questionnaire. Of the 27 patients in the intervention group on
sick leave at baseline, 24 (88.9%) reported fit-for-duty at the 6-month follow-up, and of 18 patients
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Abstract (continued)
in the control group on sick leave, 17 (94.4%) reported fit-for-duty at the 6-month follow up. The
between-group risk difference was not significant (5.5 points; P = .49).
CONCLUSIONS AND RELEVANCE An 8-week rehabilitation intervention with exercise added to
nurse consultations did not show significantly better outcomes than nurse consultations alone.
However, because of a ceiling effect on the primary outcome of physical capacity and an inclusion of
patients with a low comorbidity burden and low PE disease severity, definitive conclusions could not
be drawn. Initiating an exercise intervention shortly after pulmonary embolism was safe and without
adverse events.
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02684721
JAMA Network Open. 2020;3(2):e200064. doi:10.1001/jamanetworkopen.2020.0064
Introduction
Pulmonary embolism (PE) is a serious condition leading to the hospitalization or death of more than
500 000 individuals annually in Europe, the United States, and Canada.1,2 While developments in
early diagnosis and treatment of acute PE have resulted in improved survival rates,3,4 a number of
studies indicate long-term impairments in physical and mental well-being among survivors of PE,5-14
similar to those reported for patients with other life-threatening diseases.15,16 The value of
rehabilitation after an acute PE to counteract these negative consequences has not yet been
established, given that rehabilitation is not currently part of standard care following PE.4 Only a few
studies have investigated the effect and safety of physical activity or exercise following PE. Two
observational studies17,18 have reported no adverse events related to a 3-week inpatient
rehabilitation program. To our knowledge, only 1 randomized clinical trial19 has examined the effects
of an exercise program, compared with telephone contact, on body mass index and cardiorespiratory
fitness (ie, VO2peak). No definitive conclusions could be drawn from this study because only 19
patients were included, of whom just 9 had PE.19 No patient-reported outcome measures were
reported.19 Looking to studies of rehabilitation for cardiac disease or chronic obstructive pulmonary
disease, there is well-founded evidence that physical rehabilitation has a positive effect on quality
of life, physical capacity, fatigue, and dyspnea.20,21
The aim of our study was to investigate the effect of a rehabilitation intervention, comprising a
physiotherapist-guided 8-week home-based exercise program in addition to nurse consultations,
on physical capacity and patient-reported outcomes among patients with acute PE. We hypothesized
that participating in the exercise program would lead to significantly larger improvements in physical
capacity and patient-reported outcomes compared with an active control intervention with nurse
consultations only.
Methods
All patients were informed both in writing and verbally about the purpose and details of the study.
Written consent was completed at first visit (ie, 2-3 weeks after discharge), before the baseline test.
The study was conducted in agreement with the Helsinki Declaration and was approved by the ethics
committee of Central Denmark Region. The study was reported according to the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline for nonpharmacologic randomized trials.22
The study was designed as a multicenter randomized clinical superiority trial, comparing the
effect of nurse consultations combined with physiotherapist-guided 8-week home-based exercise
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program vs nurse consultations alone using a 1:1 allocation ratio. Eligible patients were recruited from
4 regional hospitals and 1 university hospital in Denmark between April 2016 and February 2018.
Participants
Patients were eligible if they presented with an objectively verified first-time acute PE, received
anticoagulant drugs, were aged 18 to 80 years, and were competent in the Danish language. Patients
were excluded in cases of severe comorbidity (eg, severe heart disease or chronic obstructive
pulmonary disease, active cancer, severe psychiatric disease), inability to perform the Incremental
Shuttle Walk Test (ISWT), or pregnancy.
The simplified PE severity index (PESI) was estimated at the time of presentation with PE
(simplified PESI score: 1 point if cancer, 1 point if chronic obstructive pulmonary disease, 1 point if
pulse rate greater than 110 bpm, 1 point if systolic blood pressure less than 100 mm Hg, 1 point if
arterial oxyhemoglobin saturation less than 90%, 1 point if older than 80 years).23 The age criteria
was expanded from 18 to 70 years to 18 to 80 years shortly after the study was initiated because it
became evident that many eligible patients would be excluded because of the upper age limit.
Physiotherapists or nurses in the wards provided eligible patients with written and verbal
information about the study during hospitalization. If required, patients were given 2 days to
consider participation, and if they agreed, they were contacted by telephone after discharge.
Randomization
The first nurse consultation and baseline measurements took place 2 to 3 weeks after discharge from
the hospital. Following the baseline test, patients were randomly allocated to either the exercise
group (EG) or the control group (CG) using opaque, sealed envelopes. The allocation sequence, using
block randomization (by hospital), was generated by the primary investigator (N.R.), who was not
otherwise involved in the practical enrollment and assignment of patients to the 2 groups. The
enrollment and randomization procedure was handled by the physiotherapists (J.R.B.-N. and F.L.J.,
among others) at the different hospitals from which patients were discharged. The physiotherapists
were provided with blocks of 6 envelopes, and when 2 envelopes remained in 1 block, these were
included in a new block of 6 envelopes to ensure allocation concealment.
Masking
Owing to the nature of the intervention, the patients and the physiotherapists providing the
intervention could not be masked to group allocation. The physiotherapists performing the follow-up
tests were masked to group allocation. Nurses and physicians at the departments, including nurses
providing consultations to both groups, were similarly masked for group allocation.
Interventions
A detailed description of the interventions is provided in the previously published study protocol24
and appears in Supplement 1. An overview of the study design and intervention groups is provided in
Figure 1.
Control Group
During hospitalization, all patients received anticoagulant treatment as well as information and
advice about PE. During the 6 months following discharge, patients in the CG received 1 or more
consultations with a specialized nurse, depending on the patient’s needs.
Exercise Group
In addition to nurse consultations, patients in the EG participated in a physiotherapist-guided 8-week
home-based exercise program, initiated by a 1-hour consultation with a physiotherapist. The
physiotherapist recommended that patients exercise a minimum of 3 times per week for 30 to 60
minutes, including several intervals of high intensity exercise during each session. Patients were
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encouraged to choose an exercise modality they enjoyed or were familiar with to maximize
compliance with the program. Progression was guided by the physiotherapist via follow-up
telephone calls after 1, 2, and 4 weeks. Patients filled out an exercise diary with type, frequency, and
intensity of training sessions during the 8 weeks. Compliance was defined as completing at least 75%
of planned exercise sessions, ie, a minimum of 18 of 24 sessions.
Outcome Measures
All outcomes were measured as change from baseline (ie, 2-3 weeks after hospital discharge) to
follow-up after 2 and 6 months. The primary outcome was physical capacity using the ISWT. The
secondary outcomes were quality of life using the Pulmonary Embolism Quality of Life (PEmbQoL)
questionnaire and the EuroQol–5 Dimensions–3 Levels (EQ-5D-3L) questionnaire, sick leave
(self-report), and use of psychotropic drugs (self-report).
The ISWT is considered a valid and reliable measure in patients with heart and lung diseases.25
When performing the ISWT, the patient walks on a 10-m track with auditory beeps indicating walking
speed. The speed increases every minute until running speed and ends when the patient cannot keep
up with the beeps. The total number of meters walked is recorded.25 Patients rated their dyspnea
before and immediately after the test using the Borg Category-Ratio 10 scale26 and were instructed
to keep walking and/or running until they reached at least a level of 7 on the scale.
The PEmbQoL is a disease-specific quality of life questionnaire,27 consisting of 40 questions
regarding frequency of complaints, limitations in activities of daily living, work-related problems,
social limitations, intensity of complaints, and emotional complaints. A total score is calculated by
adding the scores of each dimension and transforming them from a scale of 6 to 27 to a scale of 0 to
100.28 Higher scores indicate a worse outcome, and a minimal clinically important change of 15
points has been determined.28 The PEmbQoL has been validated in a Scandinavian setting.27
The EQ-5D-3L is a generic quality of life questionnaire comprising 5 dimensions (ie, mobility,
self-care, usual activities, pain or discomfort, and anxiety or depression). Each dimension has 3 levels
(ie, no problems, some problems, and extreme problems). The scores fall on a scale of −0.624 to
1.000 (perfect health) and has been validated in Danish settings, including the development of
Danish preference values.29,30
Figure 1. Overview of Trial Design
Discharge from hospital
Baseline test, nurse consultation, and
randomization 2‐3 wk after discharge
Consultation with physiotherapist to plan
8‐wk home‐based exercise program
Telephone calls with physiotherapist
at weeks 1, 2, and 4 to guide progression
Follow‐up at 8 and 26 weeks
Incremental Shuttle Walk Test
Pulmonary Embolism Quality-of-Life questionnaire
EuroQol questionnaire
Self‐reported sick leave
Self‐reported use of psychotropic drugs
Intervention group Control group
Initial nurse specialist consultation, which took place 2
to 3 weeks after discharge from the hospital, included
control of anticoagulation treatment, control of renal
function, patient education, distribution of
compression socks, and instructions for using a
telephone hotline. Both groups were allowed to
contact the nurse specialist at the hospital at any time
during the 6 month project period.
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Self-reported sick leave was reported by stating the number of sick leave days during the
previous 4 weeks according to the following categories: 0 days; 1 to 4 days per week; 5 to 7 days per
week. For this analysis, only nonretired patients were included.
Use of psychotropic drugs was assessed by stating the average number of days of use per week
within the previous 4 weeks according to the following categories: 0 days per week, 1 to 4 days per
week, and 5 to 7 days per week. Baseline data, including demographic and clinical data, were
retrieved from the patients’ medical records.
Sample Size Calculation
A minimum clinically relevant difference for the ISWT has not been established for a PE population.
Therefore, we used values from a cardiac population, set to 70 m, with an SD of 139 m.31 A sample
size of 62 patients in each group was required at a significance level of 5% and a power of 80%.
Assuming an 85% retention rate (taking into consideration attrition because of loss to follow up), a
sample of 142 patients was needed.
Statistical Analysis
Data were entered into a database using the research electronic data capture (REDCap; Vanderbilt
University) tool.32 Data entry was performed twice for quality assurance by 2 of us (J.R.B.-N. and
P.R.). All data management and analysis was performed by the first author (N.R.). The data
distribution and choice of analysis was additionally assessed and approved by an independent
statistician who was not otherwise involved in the study. Baseline demographic variables were
described using means and SDs or medians and interquartile ranges (IQRs) for continuous variables
and counts and percentages for categorical variables. Within-group changes in the ISWT, PEmbQoL,
and EQ-5D-3L were compared using a paired t test or Wilcoxon signed rank test depending on the
data distribution. Student t test or Wilcoxon rank sum test were applied for assessment of between-
group differences. Because of the categorical distribution, sick leave and use of psychotropic drugs
were analyzed using a χ2 test. Analysis of data was performed according to intention-to-treat
principles. Furthermore, a complementary as-treated analysis was performed for patients complying
with a minimum of 75% of the exercise sessions to evaluate the efficacy of the intervention. A
sensitivity analysis was performed for the primary outcome (ie, ISWT) to assess the robustness of our
finding, using the last observation carried forward method. Data analysis was performed with Stata
version 15.0 (StataCorp). Statistical significance was set at P < .05, and all tests were 2-tailed.
Results
Patient Flow and Baseline Characteristics
During the study period, 214 eligible patients were approached; 140 (65.4%) accepted participation
and were included in the study. Figure 2 outlines the flow of patients through the trial, including
reasons for declining participation and dropout at the 2-month and 6-month follow-ups.
The 140 included patients had a mean (SD) age of 61 (11) years of age, and most (90 [64.3%])
were men. Overall, 70 participants (50.0%) were randomized to each group. In the EG, 1 participant
(1.4%) withdrew consent, and in the CG, 2 participants (2.8%) were excluded because PE proved to
be recurrent, resulting in 69 participants (49.3%) in the EG and 68 (48.6%) in the CG. These
participants were generally low-risk PE patients, in terms of simplified PESI score (0: 47 [68.5%] in
EG and 50 [71.5%] in CG) and right ventricle load (EG: 25 [36.2%]; CG: 27 [39.7%]). The patients’
baseline characteristics appear in Table 1. Overall, the 2 groups were balanced on all demographic
and baseline outcome variables.
Outcomes
Table 2 depicts results for the primary outcome (ie, ISWT) and for the secondary outcomes (ie,
PEmbQoL and EQ-5D-3L) for the period from baseline to 6-month follow-up. The EG achieved a
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mean (SD) improvement of 104 (106) m on the ISWT; the CG achieved a mean (SD) improvement of
78 (127) m, with a nonsignificant between-group difference of 25 m (95% CI, −20 to 70 m; P = .27).
Figure 3 shows the changes in walking distance on the ISWT at 2 and 6 months for both groups.
Results from the sensitivity analysis, which used the last observation carried forward method,
reduced the mean (SD) improvement for the EG group to 95 (108) m and for the CG to 65 (114) m,
with a nonsignificant between-group difference of 31.5 m (95% CI, −6.0 to 69.1 m; P = .10).
Both groups achieved improvements on the PEmbQOL and the EQ-5D-3L, but no statistically
significant differences between groups were found. The EG group had a median (IQR) improvement
on the PEmbQOL of −20 (−24 to −15) points, and the CG had a median (IQR) improvement of −17
(−22 to −11) points. The EG had a median (IQR) improvement on the EQ-5D-3L of 0.093 (0.061 to
0.125) points, and the CG had a median (IQR) improvement of 0.077 (0.040 to 0.113) points. The
mean difference on the PEmbQoL was 3.0 points (95% CI, −3.7 to 9.9 points; P = .39) and on the
EQ-5D-3L, 0.017 points (95% CI, −0.032 to 0.065 points; P = .50) (Table 2).
In the EG, 27 patients reported sick leave days at baseline, of whom 24 (88.9%) reported fit-for-
duty at the 6-month follow-up. In the CG, 18 reported sick leave at baseline, of whom 17 (94.4%)
reported fit-for-duty at the 6-month follow-up, resulting in a nonsignificant risk difference of 5.5
between the groups (P = .49).
Most patients (64 [94.1%] in the CG and 60 [87.0%] in the EG) did not use psychotropic drugs
at baseline, and this distribution had not changed at the 6-month follow-up. There were no reports of
adverse events related to the interventions during the follow-up period.
Figure 2. Study Flow Chart
70 Randomized to exercise group 70 Randomized to control group
68 Received allocated intervention
64 Participated in 2‐mo follow‐up
60 Participated in 6‐mo follow‐up
69 Received allocated intervention
65 Participated in 2‐mo follow‐up
62 Participated in 6‐mo follow‐up
2 Excluded because pulmonary embolism
proved to be recurrent event
4 Lost to follow‐up
1 Reported lack of energy
2 Did not come to follow‐up
appointment
1 Withdrew consent
4 Lost to follow‐up
3 Did not come to follow‐up
appointment
1 Diagnosed with cancer
1 Withdrew consent
4 Lost to follow‐up
1 Reported lack of energy
1 Diagnosed with cancer
1 Did not come to follow‐up
appointment
1 Withdrew consent
2 Lost to follow‐up
1 Did not come to follow‐up
appointment
1 Had personal reasons
140 Randomized
74 Declined participation
27 Reported lack of energy
17 Reported conflicting work schedules
6 Reported geographic distance
3 Did not come to baseline test
21 With unknown reasons
214 Eligible patients with medically
treated acute pulmonary embolism
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Compliance and As-Treated Analysis
Of the 69 patients allocated to the EG, 42 (60.9%) were compliant (ie, completed 18 exercise
sessions) and 7 (10.1%) were non-compliant. The remaining 9 patients (13.0%) who had completed
the 6-month follow up but did not return their exercise diaries were considered noncompliant.
A per-protocol analysis was performed, keeping only the compliant patients in the EG, with the
noncompliant patients excluded from the analysis. This increased the mean improvement on the
ISWT in the EG to 117.9 m (95% CI, 82.4 to 153.4 m), increasing the between-group difference to 39.5
m (95% CI, −11.3 to 90.2 m), although still without statistical significance (P = .13).
Table 1. Baseline Characteristics
Characteristic
Group, No. (%)
Exercise (n = 69) Control (n = 68)
Men 42 (60.9) 48 (70.6)
Age, mean (SD), y 60.3 (12.2) 61.8 (10.5)
BMI, mean (SD) 28.7 (6.1) 29.6 (5.6)
PE type
Central 40 (58.0) 30 (44.1)
Peripheral 14 (20.3) 22 (32.4)
Central and peripheral 15 (21.7) 16 (23.5)
Simplified PE Severity Index score
0 47 (68.1) 50 (73.5)
1 14 (20.3) 15 (22.1)
2 7 (10.1) 5 (7.4)
3 1 (1.4) 0
Right ventricular strain at index eventa 25 (36.2) 27 (39.7)
Medication
NOAC 56 (81.2) 57 (83.8)
Warfarin 13 (18.8) 11 (16.2)
Length of hospitalization, d
Mean (SD) 5.5 (3.2) 5.6 (3.3)
Median (range) 5 (1-16) 5 (1-16)
Employment status
Employed 31 (44.9) 28 (41.2)
Unemployed 3 (4.3) 1 (1.5)
Retired 32 (46.4) 36 (52.9)
Other 3 (4.3) 3 (4.4)
Marital situation
Living with spouse 59 (85.5) 47 (69.1)
Living alone 10 (14.5) 20 (29.4)
Other 0 1 (1.5)
Smoking status
Never 32 (46.4) 29 (42.6)
Previous 33 (47.8) 34 (50.0)
Smoker 3 (4.3) 5 (7.4)
Missing 1 (1.4) 2 (2.9)
Average level of physical activity
Very high 4 (5.8) 3 (4.4)
High 20 (29.0) 18 (26.5)
Moderate 38 (55.1) 45 (66.2)
Low 6 (8.7) 2 (2.9)
Abbreviations: BMI, body mass index (calculated as
weight in kilograms divided by height in meters
squared); NOAC, novel oral anticoagulant; PE,
pulmonary embolism.
a Right ventricle strain indicates right ventricle
dilatation, D-shape, and/or tricuspid regurgitant
gradient of at least 40 mm Hg.
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Noncompleters
A total of 15 patients (10.7%) dropped out during the trial (Figure 2). To assess the potential effect of
this on the study results, baseline demographic characteristics and outcome values were compared
with those of the completers, showing that noncompleters had a higher PESI score compared with
completers, indicating a more severe PE condition at baseline. Among noncompleters, 8 (53.3%) had
a PESI of 0, 3 (20.0%) had a PESI of 1, 3 (20.0%) had a PESI of 2, and 1 (6.7%) had a PESI of 3. Among
completers, 87 (71.3%) had a PESI of 0, 25 (20.5%) had a PESI of 1, 9 (7.4%) had a PESI of 2, and 0 had
a PESI of 3. Furthermore, 9 patients from the CG and 4 from the EG did not perform the ISWT at 6
months but did return questionnaires. These patients did not differ from ISWT completers on age,
sex, disease severity, or baseline outcome variables, although they tended to perform more poorly on
baseline ISWT than the respondents (mean [SD]: 500 [314] m vs 586 [270] m).
Discussion
Compared with nurse consultations alone, participating in 8 weeks of home-based exercise in
addition to nurse consultations did not result in significantly greater improvements in terms of
physical capacity and quality of life. Both groups achieved clinically relevant improvements on both
primary and secondary outcomes. Moreover, we found that initiating the intervention 2 to 3 weeks
after the PE event was safe and feasible and did not entail any adverse events, which is in accordance
with previously published studies of early ambulation or exercise following acute PE.17-19
Table 2. Within-Group and Between-Group Differences From Baseline to 6 Months in the Exercise Group vs the Control Group
Outcome
Exercise Group Control Group
Between-Group
Difference,
Mean (95% CI) P ValueaBaseline 6-mo Follow-up
Within-Group
Difference,
Mean (95% CI) Baseline 6-mo Follow-up
Within-Group
Difference,
Mean (95% CI)
Incremental Shuttle
Walk Test, mean (SD), m
582 (285) 714 (270) 104 (75 to 132)b 563 (266) 637 (241) 78 (42 to 114)b 25 (−20 to 70) .27
PEmbQOL score,
median (IQR)c
30 (21 to 45) 8 (3 to 26) −20 (−24 to −15)b 26 (17 to 45) 10 (2 to 20) −17 (−22 to −11)b 3.0 (−3.7 to 9.7) .39
EuroQol-5D-3L score,
median (IQR)d
0.818 (0.77 to
1.00)
1.000 (0.824 to
1.000)
0.093 (0.061 to
0.125)b
0.824 (0.723 to
1.000)
1.000 (0.824 to
1.000)
0.077 (0.040 to
0.113)b
0.017 (−0.032 to
0.065)
.50
Abbreviation: EuroQol-5D-3L, EuroQol–5 Dimensions–3 Levels; IQR, interquartile range,
PEmbQOL, Pulmonary Embolism Quality-of-Life.
a P value calculated with Student t test.
b P < .001 (paired t test).
c Pulmonary Embolism Quality of Life has a range of 0 to 100, with a higher score
indicating worse quality of life.
d EuroQol-5 Dimensions has a range of −0.624 to 1.000, with 1.000 indicating
perfect health.
Figure 3. Meters Walked on the Incremental Shuttle Walk Test (ISWT) at Baseline and Follow-up
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There are several considerations to be made when interpreting our findings. The use of an
active control intervention, ie, specialized nurse consultations and tests of physical capacity, may
have diluted the true effects of the rehabilitation intervention. The consultations and physical test
shortly after discharge may have reassured the patients about the safety of exerting themselves
physically after the PE event, thus reducing the risk of kinesophobia in both groups. Kinesophobia
has been found to be a major risk factor for reduced physical activity in several patient populations,
leading to negative outcomes in rehabilitation and disease trajectories.33-35 Most patients
volunteering for the study had a low burden of comorbidity. This was reflected in their baseline
scores on the EQ-5D-3L, which were close to Danish population norms despite their recent PE
events.36 This is in opposition to several other prospective studies reporting significantly worse
quality of life in patients with a previous PE event.5,6,37-39 However, their mean physical capacity, as
measured with the ISWT, was worse than reported age-specific reference values at baseline but
increased to comparable values at the 6-month follow up.40,41 This also leads us to consider the
confounding effect of time, especially in relation to the acuteness of the PE event. The natural history
of PE, given appropriate diagnosis and medication, is a fast reduction in dyspnea and chest pain
shortly after initiating the medical treatment.4 Therefore, for future studies, considerations should
be given to the timing of initiating a rehabilitation intervention and to a screening for physical and
psychological risk factors 3 to 6 months after the PE event, with the aim of targeting the
rehabilitation intervention to patients who have not recovered physically or mentally after an
acute PE.12,42,43
Strengths and Limitations
To our knowledge, the current study is the first to test a rehabilitation program in a randomized
design and with a larger sample of patients with acute PE. Our study has several strengths, including
randomization, the use of validated outcome measures, the use of standardized test manuals, and
supervision of testing procedures during the study period to ensure similar performance of all
intervention providers and outcome assessors.24
This study has limitations. A limitation is the choice of the ISWT as a measure of physical
capacity. The test proved to have a ceiling effect in our study population, with approximately 35% of
patients in both groups achieving the maximum distance of 1020 m. Furthermore, the variance (ie,
SD) was higher than assumed (280 m vs 185 m). With a minimal clinically important difference of 70
m, this would have required a sample of 250 patients in each group. Therefore, for future studies,
we would recommend a different test that more accurately assesses physical capacity, eg, the Watt
max test.44
Conclusions
In this randomized clinical trial of 140 patients with acute PE, a rehabilitation intervention entailing
an 8-week home-based exercise program in addition to nurse consultations did not show
significantly better outcomes in terms of physical capacity and quality of life. Importantly, all patients
achieved improvements in the outcomes during the 6-month follow-up period. The current study
cannot make any conclusions regarding the optimal type, content, or frequency of a rehabilitation
program but adds valuable knowledge for further research in the field. First, initiating an exercise
program soon after discharge was found to be feasible and without adverse events. Second, the
ISWT was not an ideal measure of physical capacity in this population. Furthermore, a different
recruitment method or trial design should be considered to ensure the inclusion of patients with
more severe conditions of PE and/or a high comorbidity burden.
JAMA Network Open | Physical Medicine and Rehabilitation Effect of Physiotherapist-Guided Exercise Intervention on Physical Capacity
JAMA Network Open. 2020;3(2):e200064. doi:10.1001/jamanetworkopen.2020.0064 (Reprinted) February 28, 2020 9/12
Downloaded From: https://jamanetwork.com/ on 03/02/2020
ARTICLE INFORMATION
Accepted for Publication: December 31, 2019.
Published: February 28, 2020. doi:10.1001/jamanetworkopen.2020.0064
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Rolving N
et al. JAMA Network Open.
Corresponding Author: Nanna Rolving, PhD, Diagnostic Center, Silkeborg Regional Hospital, Falkevej 1, Silkeborg
8600, Denmark (nanna.rolving@rm.dk).
Author Affiliations: Diagnostic Center, Silkeborg Regional Hospital, Silkeborg, Denmark (Rolving, Bloch-Nielsen,
Ravn); Department of Occupational Therapy and Physiotherapy, Aalborg University Hospital, Aalborg, Denmark
(Brocki); Thrombosis and Drug Research Unit, Department of Cardiology, Aalborg University Hospital, Aalborg,
Denmark (Larsen); Department of Physical and Occupational Therapy, Regional Hospital Herning, Herning,
Denmark (Jensen); Diagnostic Center, Department of Cardiology, Silkeborg Regional Hospital, Silkeborg, Denmark
(Mikkelsen, Frost); Department of Clinical Medicine, Aarhus University, Aarhus, Denmark (Frost).
Author Contributions: Dr Rolving had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.
Concept and design: Rolving, Brocki, Bloch-Nielsen, Mikkelsen, Ravn, Frost.
Acquisition, analysis, or interpretation of data: All authors.
Drafting of the manuscript: Rolving, Brocki, Mikkelsen, Ravn, Frost.
Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Rolving.
Obtained funding: Rolving, Brocki, Larsen, Mikkelsen, Ravn, Frost.
Administrative, technical, or material support: Rolving, Brocki, Bloch-Nielsen, Jensen, Mikkelsen, Ravn, Frost.
Supervision: Larsen, Frost.
Conflict of Interest Disclosures: Dr Frost reported serving on the advisory boards of Bristol-Myers Squibb, Merck
Sharp and Dohme, and Pfizer and receiving speaking fees from Merck Sharp and Dohme, Boehringer Ingelheim,
Bayer, and Pfizer outside the submitted work. No other disclosures were reported.
Funding/Support: The study was supported by grant 115586 from the Tryg Foundation.
Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
Data Sharing Statement: See Supplement 2.
Additional Contributions: We thank all health personnel participating in the provision of the interventions at the
study sites. Flemming Skjøth, PhD (Aalborg Thrombosis Research Unit, Aalborg University), provided advice on
the statistical analysis, and Suzanne Capell, MEd, proofread the article. Suzanne Capell was compensated for
her time.
REFERENCES
1. Cohen AT, Agnelli G, Anderson FA, et al; VTE Impact Assessment Group in Europe (VITAE). Venous
thromboembolism (VTE) in Europe: the number of VTE events and associated morbidity and mortality. Thromb
Haemost. 2007;98(4):756-764.
2. Heit JA. Epidemiology of venous thromboembolism. Nat Rev Cardiol. 2015;12(8):464-474. doi:10.1038/
nrcardio.2015.83
3. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for VTE disease: CHEST guideline and expert panel
report. Chest. 2016;149(2):315-352. doi:10.1016/j.chest.2015.11.026
4. Konstantinides SV, Torbicki A, Agnelli G, et al; Task Force for the Diagnosis and Management of Acute
Pulmonary Embolism of the European Society of Cardiology (ESC). 2014 ESC guidelines on the diagnosis and
management of acute pulmonary embolism. Eur Heart J. 2014;35(43):3033-3069, 3069a-3069k.
5. Klok FA, van Kralingen KW, van Dijk AP, et al. Quality of life in long-term survivors of acute pulmonary embolism.
Chest. 2010;138(6):1432-1440. doi:10.1378/chest.09-2482
6. Kahn SR, Akaberi A, Granton JT, et al. Quality of life, dyspnea, and functional exercise capacity following a first
episode of pulmonary embolism: results of the ELOPE cohort study. Am J Med. 2017;130(8):990.e9-990.e21. doi:
10.1016/j.amjmed.2017.03.033
JAMA Network Open | Physical Medicine and Rehabilitation Effect of Physiotherapist-Guided Exercise Intervention on Physical Capacity
JAMA Network Open. 2020;3(2):e200064. doi:10.1001/jamanetworkopen.2020.0064 (Reprinted) February 28, 2020 10/12
Downloaded From: https://jamanetwork.com/ on 03/02/2020
7. Kahn SR, Houweling AH, Granton J, Rudski L, Dennie C, Hirsch A. Long-term outcomes after pulmonary
embolism: current knowledge and future research. Blood Coagul Fibrinolysis. 2014;25(5):407-415. doi:10.1097/
MBC.0000000000000070
8. Noble S, Lewis R, Whithers J, Lewis S, Bennett P. Long-term psychological consequences of symptomatic
pulmonary embolism: a qualitative study. BMJ Open. 2014;4(4):e004561. doi:10.1136/bmjopen-2013-004561
9. Hunter R, Lewis S, Noble S, Rance J, Bennett PD. “Post-thrombotic panic syndrome”: a thematic analysis of the
experience of venous thromboembolism. Br J Health Psychol. 2017;22(1):8-25. doi:10.1111/bjhp.12213
10. Højen AA, Gorst-Rasmussen A, Lip GY, et al. Use of psychotropic drugs following venous thromboembolism in
youth: a nationwide cohort study. Thromb Res. 2015;135(4):643-647. doi:10.1016/j.thromres.2015.01.024
11. Højen AA, Dreyer PS, Lane DA, Larsen TB, Sørensen EE. Adolescents’ and young adults’ lived experiences
following venous thromboembolism: “it will always lie in wait”. Nurs Res. 2016;65(6):455-464. doi:10.1097/NNR.
0000000000000183
12. Danielsbacka JS, Olsén MF, Hansson PO, Mannerkorpi K. Lung function, functional capacity, and respiratory
symptoms at discharge from hospital in patients with acute pulmonary embolism: a cross-sectional study.
Physiother Theory Pract. 2018;34(3):194-201. doi:10.1080/09593985.2017.1377331
13. Etchegary H, Wilson B, Brehaut J, Lott A, Langlois N, Wells PS. Psychosocial aspects of venous thromboembolic
disease: an exploratory study. Thromb Res. 2008;122(4):491-500. doi:10.1016/j.thromres.2007.12.001
14. Rolving N, Brocki BC, Andreasen J. Coping with everyday life and physical activity in the aftermath of an acute
pulmonary embolism: a qualitative study exploring patients’ perceptions and coping strategies. Thromb Res. 2019;
182:185-191. doi:10.1016/j.thromres.2019.06.007
15. Simonÿ CP, Pedersen BD, Dreyer P, Birkelund R. Dealing with existential anxiety in exercise-based cardiac
rehabilitation: a phenomenological-hermeneutic study of patients’ lived experiences. J Clin Nurs. 2015;24(17-18):
2581-2590. doi:10.1111/jocn.12867
16. Bury M. The sociology of chronic illness: a review of research and prospects. Sociol Health Illn. 1991;13(4):
451-468. doi:10.1111/j.1467-9566.1991.tb00522.x
17. Noack F, Schmidt B, Amoury M, et al. Feasibility and safety of rehabilitation after venous thromboembolism.
Vasc Health Risk Manag. 2015;11:397-401.
18. Amoury M, Noack F, Kleeberg K, et al. Prognosis of patients with pulmonary embolism after rehabilitation.
Vasc Health Risk Manag. 2018;14:183-187. doi:10.2147/VHRM.S158815
19. Lakoski SG, Savage PD, Berkman AM, et al. The safety and efficacy of early-initiation exercise training after
acute venous thromboembolism: a randomized clinical trial. J Thromb Haemost. 2015;13(7):1238-1244. doi:10.1111/
jth.12989
20. Anderson L, Taylor RS. Cardiac rehabilitation for people with heart disease: an overview of Cochrane
systematic reviews. Cochrane Database Syst Rev. 2014;12(12):CD011273.doi:10.1002/14651858.CD011273.pub2
21. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary rehabilitation for chronic
obstructive pulmonary disease. Cochrane Database Syst Rev. 2015;2(2):CD003793. doi:10.1002/14651858.
CD003793.pub3
22. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P; CONSORT Group. Extending the CONSORT statement to
randomized trials of nonpharmacologic treatment: explanation and elaboration. Ann Intern Med. 2008;148(4):
295-309. doi:10.7326/0003-4819-148-4-200802190-00008
23. Konstantinides SV, Meyer G. The 2019 ESC guidelines on the diagnosis and management of acute pulmonary
embolism. Eur Heart J. 2019;40(42):3453-3455. doi:10.1093/eurheartj/ehz726
24. Rolving N, Brocki BC, Mikkelsen HR, Ravn P, Bloch-Nielsen JR, Frost L. Does an 8-week home-based exercise
program affect physical capacity, quality of life, sick leave, and use of psychotropic drugs in patients with
pulmonary embolism? Study protocol for a multicenter randomized clinical trial. Trials. 2017;18(1):245.
25. Parreira VF, Janaudis-Ferreira T, Evans RA, Mathur S, Goldstein RS, Brooks D. Measurement properties of the
incremental shuttle walk test. a systematic review. Chest. 2014;145(6):1357-1369. doi:10.1378/chest.13-2071
26. Borg G. Borg’s Perceived Exertion and Pain Scales. Champaign, IL: Human Kinetics; 1998:104.
27. Tavoly M, Jelsness-Jørgensen LP, Wik HS, Roaldsnes C, Sandset PM, Ghanima W. Quality of life after pulmonary
embolism: first cross-cultural evaluation of the Pulmonary Embolism Quality-of-Life (PEmb-QoL) questionnaire in
a Norwegian cohort. Qual Life Res. 2015;24(2):417-425. doi:10.1007/s11136-014-0779-4
28. Akaberi A, Klok FA, Cohn DM, Hirsch A, Granton J, Kahn SR. Determining the minimal clinically important
difference for the PEmbQoL questionnaire, a measure of pulmonary embolism-specific quality of life. J Thromb
Haemost. 2018;16(12):2454-2461. doi:10.1111/jth.14302
JAMA Network Open | Physical Medicine and Rehabilitation Effect of Physiotherapist-Guided Exercise Intervention on Physical Capacity
JAMA Network Open. 2020;3(2):e200064. doi:10.1001/jamanetworkopen.2020.0064 (Reprinted) February 28, 2020 11/12
Downloaded From: https://jamanetwork.com/ on 03/02/2020
29. Wittrup-Jensen KU, Lauridsen J, Gudex C, Pedersen KM. Generation of a Danish TTO value set for EQ-5D
health states. Scand J Public Health. 2009;37(5):459-466. doi:10.1177/1403494809105287
30. EuroQol Group. EuroQol: a new facility for the measurement of health-related quality of life. Health Policy.
1990;16(3):199-208. doi:10.1016/0168-8510(90)90421-9
31. Houchen-Wolloff L, Boyce S, Singh S. The minimum clinically important improvement in the Incremental
Shuttle Walk Test following cardiac rehabilitation. Eur J Prev Cardiol. 2015;22(8):972-978. doi:10.1177/
2047487314540840
32. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap):
a metadata-driven methodology and workflow process for providing translational research informatics support.
J Biomed Inform. 2009;42(2):377-381. doi:10.1016/j.jbi.2008.08.010
33. Åhlund K, Bäck M, Sernert N. Fear-avoidance beliefs and cardiac rehabilitation in patients with first-time
myocardial infarction. J Rehabil Med. 2013;45(10):1028-1033. doi:10.2340/16501977-1219
34. Vlaeyen JWS, Linton SJ. Fear-avoidance and its consequences in chronic musculoskeletal pain: a state of the
art. Pain. 2000;85(3):317-332. doi:10.1016/S0304-3959(99)00242-0
35. Demmelmaier I, Björk A, Dufour AB, Nordgren B, Opava CH. Trajectories of fear-avoidance beliefs on physical
activity over two years in people with rheumatoid arthritis. Arthritis Care Res (Hoboken). 2018;70(5):695-702.
doi:10.1002/acr.23419
36. Sørensen J, Davidsen M, Gudex C, Pedersen KM, Brønnum-Hansen H. Danish EQ-5D population norms. Scand
J Public Health. 2009;37(5):467-474. doi:10.1177/1403494809105286
37. Tavoly M, Utne KK, Jelsness-Jørgensen LP, et al. Health-related quality of life after pulmonary embolism:
a cross-sectional study. BMJ Open. 2016;6(11):e013086. doi:10.1136/bmjopen-2016-013086
38. Klok FA, van der Hulle T, den Exter PL, Lankeit M, Huisman MV, Konstantinides S. The post-PE syndrome:
a new concept for chronic complications of pulmonary embolism. Blood Rev. 2014;28(6):221-226. doi:10.1016/j.
blre.2014.07.003
39. van Es J, den Exter PL, Kaptein AA, et al. Quality of life after pulmonary embolism as assessed with SF-36 and
PEmb-QoL. Thromb Res. 2013;132(5):500-505. doi:10.1016/j.thromres.2013.06.016
40. Harrison SL, Greening NJ, Houchen-Wolloff L, et al. Age-specific normal values for the incremental shuttle
walk test in a healthy British population. J Cardiopulm Rehabil Prev. 2013;33(5):309-313. doi:10.1097/HCR.
0b013e3182a0297e
41. Probst VS, Hernandes NA, Teixeira DC, et al. Reference values for the incremental shuttle walking test. Respir
Med. 2012;106(2):243-248. doi:10.1016/j.rmed.2011.07.023
42. Kahn SR, Hirsch AM, Akaberi A, et al. Functional and exercise limitations after a first episode of pulmonary
embolism: results of the ELOPE prospective cohort study. Chest. 2017;151(5):1058-1068. doi:10.1016/j.chest.2016.
11.030
43. Stevinson BG, Hernandez-Nino J, Rose G, Kline JA. Echocardiographic and functional cardiopulmonary
problems 6 months after first-time pulmonary embolism in previously healthy patients. Eur Heart J. 2007;28(20):
2517-2524. doi:10.1093/eurheartj/ehm295
44. Andersen LB. A maximal cycle exercise protocol to predict maximal oxygen uptake. Scand J Med Sci Sports.
1995;5(3):143-146. doi:10.1111/j.1600-0838.1995.tb00027.x
SUPPLEMENT 1.
Trial Protocol
SUPPLEMENT 2.
Data Sharing Statement
JAMA Network Open | Physical Medicine and Rehabilitation Effect of Physiotherapist-Guided Exercise Intervention on Physical Capacity
JAMA Network Open. 2020;3(2):e200064. doi:10.1001/jamanetworkopen.2020.0064 (Reprinted) February 28, 2020 12/12
Downloaded From: https://jamanetwork.com/ on 03/02/2020
